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Specifications 

1. Title of the Invention: Method Extending Laser Medium Gas Replacement Cycle 
In Gas Laser Oscillator 

2. Scope of the Patent's Claims 

A method extending the laser medium gas replacement cycle in a gas laser oscillator, 
characterized by the fact that in a gas laser oscillator equipped with a main laser chamber unit, 
laser oscillations are conducted during a state when the inner part of the chamber is filled with a 



laser medium gas with a gas container which is filled with the laser medium gas separately from 
this main laser chamber unit; 

enabling to circulate the laser medium gas between said laser chamber and said gas 
container with a method increasing the laser medium gas replacement cycle in the gas laser 
oscillator; 

wherein the pressure inside said gas container is set higher than the pressure inside said 
main laser chamber unit. 

2. The method extending the replacement cycle described in claim 1, wherein one part of 
the deteriorated laser medium gas is discharged from the inner part of the main laser chamber 
unit, and new laser medium is supplied for replenishment at the same time according to a method 
extending the laser medium gas replacement cycle in a gas laser oscillator. 

3. Detailed Explanation of the Invention 
(Sphere of Industrial Use) 

This invention relates to a method for extending the laser gas replacement cycle in a gas 
laser oscillator. 

(Prior Art Technology) 

In recent years, gas laser oscillators have been generally used with a construction 
consisting of gas pipes filled with new laser medium gas of a gas laser apparatus wherein filling 
of laser medium gas is performed in a laser chamber, and of gas discharge pipes discharging 
deteriorated medium gas from the inner part of the laser chamber. In addition, the laser 
oscillations had to be stopped every time when the deteriorated laser medium gas was being 
replaced by new laser medium gas. 

That is why gas laser oscillation devices have been proposed with a design that makes it 
possible to extend the laser medium gas replacement cycle. 
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One such example is a gas laser oscillator disclosed for instance in Japanese Unexamined 
(Kokai) Patent Application Number 1-268175. This apparatus is equipped with a main laser 
chamber unit which is provided with a separate gas container according to a construction 
wherein the laser medium gas is circulated through a pipe connecting this laser container to the 
main laser chamber unit. 

(Problems To Be Solved By This Invention) 

However, because the gas medium capacity of the gas laser oscillator disclosed in said 
Japanese patent 1-268175 can be increased only to an amount corresponding to the volumetric 



capacity of the gas container, it cannot be said that this is a satisfactory improvement as the 
laser medium gas exchange cycle is thus extended only proportionally to the increase of the laser 
medium gas. 

The purpose of this invention is to resolve the above mentioned problem by providing a 
method extending the replacement cycle of a laser medium gas in a gas laser oscillation 
apparatus in order to circulate laser medium gas between a laser chamber and a gas container, 
when oscillations of laser medium gas are conducted during the status while the inner part of the 
laser chamber is filled with a laser medium gas. The above mentioned objective is achieved by 
setting the pressure inside said gas container higher than the pressure in said main laser chamber 
unit. 

In addition, because according to the above described method, one part of the 
deteriorated laser substance gas is discharged from the main laser chamber unit, while new laser 
substance gas is supplied again, this makes it possible to greatly extend the laser substance gas 
replacement cycle. 

(Operation) 

Because according to this invention, the pressure in a gas container which is deployed 
separately from the main laser chamber unit is set higher, this makes it possible to greatly 
increase the laser substance gas amount that can be stored in the gas container. The result is that 
this enables a great expansion of the laser medium gas replacement cycle. 

Also, because replacement with a new gas which replaces a part of the deteriorated gas in 
the main laser chamber unit is conducted without an interruption in the oscillations, this not only 
makes it possible to compensate for adverse influence that can be exerted on laser oscillation by 
dust, or gas impurities, etc., generated during laser oscillations, but it is also enables to greatly 
expand the laser substance gas replacement cycle. 

(Embodiment) 

The following is a detailed explanation of an embodiment of this invention which is 
based on the reference provided in Figure 1 . 

Figure 1 is a construction diagram explaining a case compatible with an excimer laser 
device in which deterioration of the laser medium gas is much greater when compared to other 
laser oscillators, which means that the gas must be replaced frequently. This device will be 
explained as an apparatus provided with a pressure container which is separate from the main 
laser chamber, wherein the laser device is operated while the laser medium gas is circulated 
between the laser chamber and its pressure container. 

Because according to the characteristics of this invention, the pressure inside the gas 
container is set higher than the pressure in the laser chamber, this creates a design enabling to 
reduce the rate of the gas deterioration and to greatly extend the laser medium gas replacement 
cycle because the gas can be stored in the container many times. 
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As shown in the figure, 1 is a laser chamber, 2 is a pressure chamber having about the 
same capacity as laser chamber 1, 3 is a gas refining device, 4 and 5 are vacuum pumps, 6 is a 
dust filter, 7 and 8 are halogen filters, 9 is a circulation pump used to circulate laser medium gas, 
and 10a and 10b are pressure gauges. 

In addition, 1 la - 1 Id are flow amount regulating valves, 12a - 1 2d are pressure 
regulating valves, 13a ~ 13d are stop valves, and 14 is a three-way valve. 

Further, 15a and 15b are mixed gas pumps, 15c is a halogen gas pump, 16 is a laser 
output monitor, 1 7 is a compressor that is indispensable in accordance with this invention, 1 8 is a 
discharge gas processing device, 19 is a check valve, and 20 is an emission pipe. 
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Next, the operation of a laser oscillator having the above described construction will be 
explained. First, pressure regulating valve 12a and stop valve 16 are closed, flow amount 
regulating valve 1 lb and pressure regulating valve 12b stop valve 13a are opened, and vacuum 
pump 4 is used to create vacuum inside laser chamber 1 and pressure container 2. At this point, 
pressure regulating valves 12c, 12d, and stop valves 13c, 13d are left closed. 

After the vacuum suction is completed, pressure regulating valve 12b and stop valve 13 b 
is closed, flow amount regulating valve 11a and three-way valve 14 is opened, and the inner part 
of pressure container 2 is filled with a laser medium gas. It is convenient when gas pumps 15a 
and 15b which are used for this purpose are filled ahead of time with a mixed laser medium gas. 
It goes without saying that respective pumps can be also used independently for filling with the 
gas. In this case, the gas pressure is set high so that a gas amount corresponding to several times 
the gas amount stored in laser chamber 1 will be stored in pressure chamber 2. 

When pressure chamber 2 is filled with a large amount of laser medium gas with this 
design, pressure valve 12a, flow amount regulating valve 1 la and three-way valve 14 are closed, 
stop valve 13b is opened, and while regulation is applied with pressure regulating valve 12b so 
as to achieve the pressure required for the laser oscillator, the main laser chamber unit 1 is filled 
with a specified amount of the laser medium gas via flow amount regulating valve 1 lb. The 
result of these filling operations is that the inner part of pressure container 2 will be filled with a 
gas amount corresponding to several times the gas amount contained inside laser chamber 1 . 

Next, the laser medium gas is circulated between laser chamber 1 and pressure container 
2 by using for this purpose compressor 17 and circulating pump 9. Regulation is applied with 
pressure regulating valve 12b and flow amount regulating valve 1 lb in order to set at this point 
the laser medium gas pressure inside the main unit of laser chamber 1. It is convenient when this 
regulation is conducted as automatic regulation by using for this purpose pressure gauge 10a 
which is installed in laser chamber. 

Once the gas circuit has been stabilized, laser oscillations are started and the output of the 
laser is measured at all times with laser output monitor 16 and the gas flow amount is adjusted as 



required. 
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The result of these operations is that when the amount of the laser medium gas is 
increased inside laser chamber 1 only by the amount of the laser medium with which pressure 
container 2 is filled, this makes it possible to provide a stabilized output of the laser continuously 
and for a long time as the laser medium gas replacement cycle is extended several times. 

Incidentally, because among the main causes of a decreased output of laser gas behind 
the above described decrease of laser medium gas is generation of impure gas and dust, and 
decreased halogen gas and generation of impure gas is the main cause of this in particular in case 
of excimer lasers, gas refining device 3 is now often used with a construction trapping impure 
gas at the temperature of liquid nitrogen. Halogen gas can be generally added again when the 
output of the laser gas has decreased. 

However, since impure gas cannot be completely avoided in the present status in said gas 
refining device 3, the disadvantage here is that the stable characteristics of the laser output will 
be lost and an unstable discharge will be generated when the overall gas pressure inside laser 
chamber 1 is increased as halogen gas is being added. 

Therefore, in order to resolve this problem in accordance with this invention, new laser 
medium gas is supplied only with an amount corresponding to direct exhaust of the portion of the 
laser medium gas containing deteriorated gas from laser chamber 1 . Specifically, at the point 
when the above described laser oscillations are performed, vacuum pump 4 is used to pump one 
part of the circulated laser medium gas via pressure regulating valve 12c and via flow amount 
regulating valve 1 lc to discharge the gas into the atmosphere through discharge pipe 20 from 
exhaust gas processing device 18. This removes the gas from laser chamber 1 and pressure 
container 2 so that new laser medium gas can be supplied for replenishment via three-way valve 
14, pressure regulating valve 12a and flow amount regulating valve 11a only with an amount 
corresponding to this discharged amount. Obviously, regulation is conducted at this point with 
each type of valve so as to maintain a specific pressure with respect to the pressure inside laser 
chamber 1 and inside pressure chamber 2. Consequently, because in accordance with this 
invention, not only is the overall gas pressure inside laser chamber 1 constant, but also one part 
of the laser substance gas is replaced during the operations of the laser apparatus, the resulting 
effect is that the generated impurity gas can be replaced very efficiently. 

Since according to this invention, laser medium gas will be gradually consumed, 2 mixed 
gas pumps are provided as shown in Figure 1 so that when 1 of them is used up, the operations 
can be switched to the other pump with three-way valve 14. 

[page 4] 

Stop valves 13c, 13d and mixed gas pump 5 are used to remove air which entered into the 
gas line during mixed gas pump replacement up to three-way valve 14. 

In addition, since the halogen gas amount is decreased gradually and only by an amount 
corresponding to the portion of exchanged gas as explained above, this makes it possible to 
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extend the laser medium gas replacement cycle even more through additional supplying of 
halogen via pressure regulating valve 12d and flow amount regulating valve 1 Id so that halogen 
gas can be supplied as required with halogen pump 15c. This is particularly effective if the life 
span of the gas is very short, for example during operations when a new equipment is set up, etc. 

(Effect of the Invention) 

As was explained above, since this invention makes it possible to extend the laser 
medium gas replacement cycle, the resulting effect is that a stabilized laser output can thus be 
obtained for a continuous, long period of time. 

4. Brief Explanation of Figures 

Figure 1 is a construction diagram explaining an embodiment of the gas laser oscillator 
according to the method of this invention. 

1 ... laser chamber, 

2 ... pressure chamber, 

3 ... gas refining device, 

4 ... vacuum pump, 

5 ... vacuum pump, 

6 ... gas filter, 

7 ... halogen filter, 

8 ... halogen filter, 

9 ... circulation pump, 
10a, 10b ... pressure gauges, 

1 la - 1 1 d ... flow amount regulating valves, 

12a - 1 2d ... pressure regulating valves, 

1 3a - 1 3d ... stop valves, 

14 ... three-way valve, 

15a, 15d ... mixed gas pumps, 

15c ... . halogen gas pump, 

16 ... laser output monitor, 

17 ... compressor, 

18 ... exhaust gas processing device, 

19 ... check valve, 

20 ... discharge pipe. 

Patent Applicant: Kawasaki Steel Corporation 
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